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(54) A copying apparatus having adjustable gradation 



(57) A digital copying apparatus with an adjustable 
reproduction characteristic, wherein the reproduction 
characteristic describes a mapping of optical densities 
of an original, document, hereinafter referred to as: 
ODin, on optical densities of a copy of the said original 
document made by the^apparatus, hereinafter referred 

toasODout . . 'V-.-. . \ 

The apparatus comprises 

an operating unit with means for setting a required 
reproduction characteristic, 
a generator tor generating first digital image data 
corresponding to an image on an original docu- 
ment 

a printing unit for making a print on an image sup- 
port on the basis of second digital image data, 
a processing unit for converting said first digital 
image data into the said second digital image data 
in accordance with a reproduction characteristic set 
by the operating uniL 

In principle, the processing unit. converts the said 
first digital image data into the said second digital image 
data in accordance with a reproduction characteristic 
which comprises a first part, which maps on white, a 
second part which maps on density values between 
white and black, and a third part which maps on black, 
which parts merge into one another in a first and second 
shoulder point (A. B) respectively. Adjustability of the 
reproduction characteristic is obtained by setting the 



ODin value of one or both shoulder points by means of 
the operating means. 

The invention also applies to changing the contrast 
in colour copying, in which case the parameter for 
adjusting the reproduction characteristic is the lumi- 
nance comprised in the digital image data. 
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Descr*:;tion 

The invention relates to a method of making a copy 
of an original document in accordance with an adjusta- 
ble reproduction characteristic, wherein a reproduction 
characteristic describes the mapping of optical densi- 
ties of an original document hereinafter referred to as: 
ODin, on optical densities of a copy thereof, hereinafter 
referred to as: ODout which method comprises: 

determining a reproduction characteristic on the 
basis of specification by an operator, 
generating first digital image data corresponding to 
an image on an original document, 
converting the said first digital image data into sec- 
ond digital image data in accordance with the repro- 
duction characteristic as determined, and 
making a print on an image support on the basis of 
the said second digital image data. 

The invention also relates to a digital copying appa- 
ratus having an adjustable reproduction characteristic, 
wherein the method according to the invention is used. 

Generally, the reproduction characteristic of a cop- 
ying apparatus has a three-part form, namely a first part 
which without distinction maps low optical densities on 
the original on white on the copy, a second part which 
with distinction maps grey tints on optical densities 
between white and black, and a third part which without 
distinction maps dark grey tints on the original on black 
on the copy, the term "black" denoting the maximum 
optical density that can be supplied by the printing sys- 
tem. 

Documents may differ considerably in the number 
of grey tints present and it is frequently desirable to be 
able to optimise the reproduction of the grey tints by a 
copying apparatus for the type of document that has to 
be copied at any particular time. This can generally be 
achieved by using an adapted reproduction characteris- 
tic. In analogue copy apparatus which makes a copy by 
charging a photoconductive medium, exposing image- 
wise with a projection of the document for copying, and 
developing the residual charge image with toner pow- 
der, it is possible to adapt the reproduction characteris- 
tic by adjusting the quantity of light used to make the 
said projection. The reproduction characteristic shifts as 
a result and specific grey tints on the document which 
are reproduced without distinction under normal expo- 
sure, e.g. the dark tints, are now separately visible. This 
is usually at the expense of the distinctive reproduction 
of other gray tints, the lighter ones in this example. 

With the advent of the digital copying machine it has 
become possible to treat grey tints as digital data and 
process them as such, with much less dependence on 
other gray tints. The present invention is aimed at this 
area of the art 

A method and apparatus according to the preamble 
are known from Paul M. Butterfiekj. "User-Oriented 



approach to control of tone reproduction for electronic 
reprographic systems", SPIE Vol. 1670 Color Hard 
Copy and Graphic Arts (1992), p.51 2-520. This docu- 
ment describes how a reproduction characteristic in the 

5 optical density domain can be adjusted by an operator. 
The reproduction characteristic is a graph indicating the 
relationship between ODin (on the X-axis) and ODout 
(on the Y-axis). According to Butterfield, a value on the 
Y-axis, i.e. an ODout value, can be adjusted by an oper- 

10 ator at five approximately equitistant points on the X- 
axis. These ODout values are interconnected by 
straight lines and thus determine the reproduction char- 
acteristic. By determining five points an operator can 
define a complicated reproduction characteristic and 

is hence very accurately control the reproduction of a doc- 
ument having a large number of grey tints. 

The known method offers an operator very great 
freedom for programming the reproduction characteris- 
tic, but consequently requires a large number of adjust- 
so merit operations, the effect of which cannot always be 
completely seen. The operator is usually only interested 
in satisfactory, moderate, or non-reproduction of spe- 
cific dark or light tints. This can be achieved by influenc- 
ing the location of the transitions between the above- 

25 mentioned first, second and third parts of the reproduc- 
tion characteristic. A further adjustment of the form of 
the said second part has hardly any influence on the 
result while with the known method it is possible to 
change the location of the transitions only indirectly, and 

30 then only with little accuracy. 

The object of the invention is to provide a method 
and apparatus wherein simple and readily visible proce- 
dures enable a copy to be made with an adjustable 
reproduction characteristic. 

35 This object is achieved according to the invention, 
in that the step of determining a reproduction character- 
istic comprises: 

defining a reproduction characteristic which com- 
40 prises a first part, which maps on white, a second 
part, which maps on density values between white 
and black, and a third part, which maps on black, 
which parts merge into one another in a first and 
second shoulder point respectively (A, B), 
45 wherein an ODin value for at least one shoulder 
point is selected on the basis of specification by an 
operator. 

According to the invention, therefore, only two 
so adjustment points, the said shoulder points, are offered 
to the operator for adjustment, and they can be shifted 
over the X-axis (ODin). These two points are necessary 
and sufficient to achieve the required result of an adjust- 
able gradation when they are shifted over the X-axis. 
55 According to one embodiment of the method - 
according to the invention, the step of processing the 
first digital image data and the generation of second cfig- 
rtal image data in so doing is performed using a prede- 
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termined transfer function, which has a form such that 
ODin values are mapped on ODout values in accord- 
ance with the reproduction characteristic as deter- 
mined, wherein the method also comprises calculating 
a transfer function in accordance with the reproduction 
characteristic specified by an operator. 

The values of the two shoulder points to be set by 
the operator can be specified as absolute values or as a 
change of an automatically made default In the latter 
embodiment, the step of determining a reproduction 
characteristic on the basis of specif cation by an opera- 
tor comprises: first determining a default reproduction 
characteristic on the basts of the first digital image data 
and determining a final reproduction characteristic on 
the basis of a change of the ODin value of at least one 
of the shoulder points as specified by the operator. Hav- 
ing a default made can facilitate the operator's work, 
because it is then possible to assume that there is a set- 
ting that has already been optimised, and to which then 
- usually minor - changes need be applied. 

The present invention is not limited to black-and- 
white copying, but can also very well be used for chang- 
■< « ing the contrast in colour copying. K would, however, not 
be practical to have the operator adjust the individual 
colour channels for red. green and blue, or cyan, 
magenta and yellow, because there would be a chance 
that the colour tone would be affected, which is of 
course not intended. Rather, it is preferable to use the 
luminance comprised in the digital image data gener- 
ated by the scanner, as the parameter for adjusting the 
reproduction characteristic. 

The luminance, defined in the L-a-b and the L-C-H 
colour coordinate systems, both widely known,' is a per- 
ceptual parameter def ining the light/dark character of an 
image, and is therefore a good choice for an adjustment 
parameter. Moreover, it has, just like the optical density 
in black-and-white copying, a more or less logarithmic 
course, so that the reproduction characteristic in L is 
also linear. Therefore, the theory applied to the OD in 
the black-and-white case, also applies to the luminance 
in colour copying, with no substantial differences. 

The invention will now be explained with reference 
to the accompanying drawings, in which like references 
refer to like parts. 

In the drawings: 

Fig. 1 is a diagrammatic general view of an appara- 
tus according to the invention. 
Fig. 2 shows a scanner device provided with an 
automatic document feeder for use in the appara- 
tus. 

Fig. 3 shows a printer unit for use in the apparatus. 

Fig. 4 shows a reproduction characteristic. 

Fig. 5 is a diagram of the imaging characteristics of 

the sub-systems of the apparatus. 

Fig. 6 is a block diagram of the image processing 

module of the apparatus. 

Figs. 7 A and 7B are characteristic histograms. 



Fig. 8 shows two different reproduction characteris- 
tics. 

Fig. 9 is an illustration of the apparatus operating 
panel. 

5 

Fig. 1 shows the general lay-out of an image repro- 
duction apparatus according to the invention. This 
apparatus comprises a scanner 1 for electro-optical 
scanning of a document and delivery of corresponding 

io digital image data, an automatic document feeder 1 A. a 
processing unit 17 tor image data delivered by the scan- 
ner 1, a front end 2 for image data from an external 
source such as a network, and a printing unit 3 for print- 
ing digital image data on a support material. 

is The apparatus also comprises a storage device 15 
for image data, connected to the processing unit 1 7. the 
front end 2 and the printer 3, and operative as a buffer 
between the parts 1 and 2 which generate the print data 
and part 3 of the apparatus which processes the print 

20 data, and also an operating unit 19 provided with an 
operating panel and a display screen and keys, con- 
nected to the processing unit 1 7. Finally there is a cen- 
tral control unit 18 connected to all the other elements. 
The scanner 1 is shown in greater detail in Fig. 2. It 

25 comprises a tubular lamp 5 and a reflector 6 co-operat- 
ing therewith, by means of which a narrow strip of a doc- 
ument 8 placed on a glass platen 7 is exposed. The 
scanner also comprises an array 10 of imaging glass 
fbres (a "selfoc" lens array), by means of which the light 

30 reflected by the document is projected on to a sensor 
array, e.g. a CCD array 12. The lamp 5. reflector 6. 
selfoc lens array 10 and CCD array 12 are combined on 
a carriage 1 1 which during scanning is moved by a 
servo motor 9 at uniform speed in the Direction of the 

35 arrow 1 3 so that the document 8 is scanned line-by-line 
by the CCD array 12. The position of the carriage 1 1 is 
continuously measured by means known per se and 
used, inter alia, for the feedback circuit of the servo 
motor 9. 

40 In this way each image dot of the document is con- 
verted to an analogue signal corresponding to the grey 
value of that dot The analogue signal is then converted 
by an A/D converter 14 into a digital signal for each 
image dot 

45 The scanner 1 is equipped with an automatic docu- 
ment feeder (ADF) 1A. This comprises a tray 301 for 
receiving a stack of documents 302 for copying, a sepa- 
rating mechanism 313, 314 for removing documents 
one by one from the bottom of the stack, and a transport 

so mechanism consisting of the transport paths 303, 304, 
305. 306 and transport roller pairs 309. 310. 311. 312. 
for transporting a removed document to the platen 7. 
The document 8 is transported over the platen 7 by a 
conveyor belt 307. which after scanning by the scanning 

ss carriage 1 1 transports it to the delivery tray 308. 

Reference will now be made to Fig. 3 for a descrip- 
tion of the printer 3. The printer comprises an endless 
photoconductrve beit 20 which is advanced in the direc- 
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tion of arrow 24 at uniform speed by means of drive and 
guide rollers 21 , 22 and 23 respectively. 

By means of the processed image data offered by 
device 15, an LED array 25 is so activated that the pho- 
toconductive belt 20 after being electrostatically s 
charged by a corona device 30 is exposed image-wise 
line-by-line. 

The latent charge image forming on the belt 20 as a 
result erf the exposure is developed by a magnetic brush 
device 31 with toner powder to form a toner image w 
which in a first transfer zone is then brought into contact 
under pressure with an endless inter mecfiate medium 
belt 32 made of or covered with an elastic and heat- 
resistant material, such as silicone rubber. In these con- 
ditions the toner image is transferred by adhesion forces is 
from the belt 20 to the belt 32. After this image transfer, 
any remaining toner powder residues are removed from 
the photoconductive bett 20 by means of a cleaning 
device 33. whereafter said belt 20 is ready for re-use. 

The intermediate medum belt 32 is trained over so 
drive and guide rollers 34. 35, the intermediate medium 
belt 32 being heated to a temperature above the soften- 
ing temperature of the toner powder, e.g. by means of 
an infrared radiant heater disposed inside roller 35. 
While belt 32 with the toner image thereon is being 25 
advanced, the toner image becomes sticky as a result 
of the heating. 

In a second transfer zone between the belt 32 and 
a pressure roller 36 the sticky toner image is transferred 
under the influence of pressure and simultaneously 30 
fixed on a copy sheet which is supplied from one of the 
reservoirs 37-1, 37-2 or 37-3. 

The copy thus obtained can finally be deposited in 
a delivery tray 39 or be fed by a deflector element 40 
(placed in the broken-line position indicated) to an 35 
inverting device 41. In this inverting device 41 in which 
the copy sheet is turned over, whereafter it is then again 
fed to the second transfer zone between the belt 32 and 
the pressure roller 36 in order to be printed with a pow- 
. der image on the other side in this transfer zone and 40 
then be deposited in the delivery tray 39. 

Documents may differ in character considerably. 
For example, text documents usually contain black 
characters on a white background and no or hardly any 
grey tints. During the scanning thereof, however, signals <s 
corresponding to grey tints are also generated either 
because the scanner has just measured a transition 
between a character and the background or because 
there are stains on the document It is usually desirable ■ 
that a copy of a text document should not contain grey so 
tints, and hence that any grey image dots present in the 
scanner signals should be eliminated. However, when 
an original document is or contains a photograph, there 
are also many grey dots in addition to black and white 
dots. For good reproduction on a copy. *rt is precisely ss 
necessary for such original documents that grey areas 
in the document should be reproduced as grey areas on 
the copy. The reproduction system requirements there- 



fore depend on the nature of the original and may differ 
considerably for different original documents. 

The reproduction system can be descrfoed by a 
reproduction characteristic in which the optical density 
of the copy (ODout) is indicated as a function of the opti- 
cal density (ODin) on the original document 

Fig. 4 shows an example of a reproduction charac- 
teristic of this knd. It consists of three parts, namely a 
part 51 for an ODin between 0 and a value A, a part 52 
for an ODin between a value A and a value B, and a part 
53 for an ODin greater than a value B. In this description 
the value "0" denotes white. 

In part 51 ODout has the value 0 so that light grey 
values of the background, for example because the 
original document is yellowed paper or because text at 
the back of the original document passes through to the 
front, is nevertheless printed with a white background 
on the copy. In part 53. the maximum optical density 
ODmax of the printing system is reached, so that all 
higher values of ODin are mapped on this value 
ODmax. 

Part 52 has a linear form and describes the map- 
ping of grey to black tints of the original document on 
values of the ODout In the apparatus described here, 
the linear form of part 52 of the characteristic in the OD 
domain is intentionally selected. The optical density 
(OD) is a logarithmic measurement of the quantity of 
light reflected by a document and corresponds to the 
human perception, which is also logarithmic. Due to the 
linear form of the reproduction characteristic identical 
differences in perceived grey tints on the original docu- 
ment are imaged on identical differences in perceived 
grey tints on the copy. 

As already described, the reproduction system is 
composed of different parts, namely a scanner 1, an 
image processing unit 17 and a printing apparatus 3. 
These all have their own imaging characteristic. The 
combination of these imaging characteristics gives the 
reproduction characteristic of the system. This is shown 
in Rg. 5. which illustrates the imaging characterise^ 
and the reproduction characteristic of the system in tour 
quadrants. The origin of this graph corresponds to the 
value "0", i.e. "white". 

Quadrant I contains the reproduction characteristic 
of the system. Quadrant II contains the imaging charac- 
teristic of the scanner 1 and gives an (8-bit) grey value 
for each value of the optical density ODin of the original 
document This characteristic is sharply curved, 
because the optical density is a logarithmic quantity 
while the grey-value scale is linear. 

Quadrant IV contains the imaging characteristic of 
the printing apparatus 3 and indicates an optical density 
ODout on the printed copy for each grey value gener- 
ated by the image processing unit 17. 

Quadrant III contains the imaging characteristic of 
the image processing unit 1 7 and gives for each grey 
value generated by the scanner a grey value which 
should be produced by the printing system 3. As already 
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stated, the latter grey value is in fact embodied by a pat- 
tern of black and white image dots. 

Since the imaging characteristics of the scanner 1 
and the printing system 3 are determined by the tech-* 
nology and are fixed for the apparatus once it is con- 
structed, the image processing unit 17 should be 
provided with an imaging characteristic such that an 
acceptable system reproduction characteristic is 
obtained. By reprog ramming the image processing unit 
1 7 "rt can ate© be made possible to change the reproduc- 
tion characteristic of the system. 

Fig. 6 shows a block diagram of the image process- 
ing module 17 for converting the digital signals from the 
scanner into binary image data suitable tor controlling 
the printing system. This module comprises a histogram 
module 100. provided with an input for signals from the 
scanner 1. an analysis module 101 connected to the 
histogram module 100, a characteristic calculation mod- 
ule 104 connected to the analysis module 101, an OD 
correction module 102 connected to the module 104 
and to the operating unit 19 and also having an input for 
signals from the scanner 1 . and also a half-tone module 
103 connected to the OD correction module 102 and to 
the storage device 15. The function of the histogram 
module 100 and the analysis module 101 is to charac- 
terise an original document as being a text or photo- 
graphic document respectively. The OD correction 
module 102 provides for imaging of grey values gener- 
ated by the scanner on to grey values to be produced by 
the printing system. This imaging corresponds to quad- 
rant III in Rg. 5. Finally, the half-tone module 103 serves 
to convert the grey values specified by the OD correc- 
tion module 102 into image, dot values (which, as 
already described, may be "white" or "black") to control 
the printing system 3. The operation of the said modules 
is descrbed hereinafter. 

The scanning of a document on the platen takes 
place in two stages, tn the first stage, the prescan stage, 
the scanning carriage 1 1 moves along the document 8 
and in so doing delivers digitised signals corresponding 
to the measured optical density of a first raster of image 
dots of the document image. These signals are used to 
characterise the type of document, so that an adapted 
processing of the scanner data can be selected. In the 
second stage or main scan stage, the scanning carriage 
1 1 moves along the document 8 in the opposite direc- 
tion and again delivers digitised signals, this time corre- 
sponding to the measured optical density of a second 
raster of image dots of the document image. The first 
and second rasters may be identical but the first raster 
may also be coarser, so that less image dots are meas- 
ured. 

The scanner signals from the prescan are delivered 
to the histogram module 100. which makes a histogram 
of the measured values. On completion of the prescan, 
the results of the histogram module are passed for anal- 
ysis to the analysis module 101. The latter character- 
ises the scanned image as a text image or a 



photographic image. Fig. 7A shows a characteristic his- 
togram for a text image and Rg. 7B a characteristic his- 
togram for a photographic image. The optical density 
OD is plotted along the abscissa and the number of 

5 image dots (N) along the ordinate. A text image con- 
tains two relatively narrow and tall peaks corresponding 
to the white of the paper and the black of the characters. 
Grey values therebetween do not occur frequently and 
originate mainly from image dots which are just situated 

to at the edge of a character. In contrast, the histogram of 
a photographic image contains a large number of grey 
dots and fewer white and black dots. The analysis mod- 
ule now determines by reference to pre-programmed 
criteria whether the histogram recorded belongs to the 

75 text type (with two distinct peaks) or to the photographic 
type (with a more continuous distribution). This decision 
is passed to the characteristic calculation module 1 04. 
This module is so arranged friar on the basis of a 
required reproduction characteristic for the system and 

20 the known imaging characteristics of the scanner and 
the printing unrt, corresponding consecutively to the 
quadrants I. II and IV in Rg. 5, it can calculate an imag- 
ing characteristic for quadrant II I by combining the char- 
acteristics. This calculation is shown graphically with 

25 broken arrows in Fig. 5. The calculated imaging charac- 
teristic is then passed to the OD correction module 102. 

In this exemplified embodiment the classification of 
the original document is restricted to two types, text and 
photographic. It is also possible to distinguish a larger 

30 number of types on the basis of the distribution of grey 
values in the histogram. 

In the OD correction module 102, the grey values 
from the digitised scanner signals from the main scan 
are converted into other grey values, in accordance with 

35 an imaging characteristic calculated by the characteris- 
tic calculation module 104. For this purpose, a look-up 
table (LUT) is programmed with the values of the imag- 
ing characteristic. The scanner data are then converted 
by means of the LUT. 

40 Rg. 8 shows one example of the reproduction char- 
acteristics for a text image and a photographic image 
respectively. It will be seen that a text image is imaged 
hard, i.e., light tones are made white and darker tones 
black, while only a small number of middle tones are 

45 reproduced as grey. The effect of this is that the result- 
ing printed image contains primarily back on white, as 
is usually also the intention with a text image. On the 
other hand, a photographic image is reproduced much 
more softly. The characteristic maps most grey tones on 

so grey tones and only a relatively smaD number of grey 
tones at the ends of the range is converted to white and 
black respectively. 

When the analysis module .101 finds that the origi- 
nal document is of the text type, the reproduction char- 

55 acteristic tor text in Rg. 8 is chosen as the basis for 
calculating the imaging characteristic of the image 
processing unit 17, and in the case of a photographic 
original the reproduction characteristic for a photo- 
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graphic image in Fig. 8 is chosen. 

The reproduction characteristic chosen now serves 
as a basis for making the copy, out can be adapted by 
an operator if he has special requirements in respect of 
the reproduction of specific optical densities of the orig- 
inal document For this purpose, using the keys and the 
display screen on the operating panel of the operating 
unit 19 the operator can shift the OOin values A and B 
which define the linear part of the characteristic and 
which have been preselected by the OD correction 
module 102, the shift preferably being in steps of equal 
OD intervals. Shifting point A in the direction of 0 deliv- 
ers a more differentiated reproduction of light tints, and 
moving point B from 0 gives a more differentiated repro- 
duction of darker tints. In addition, an equal shift of the 
two points A and B in the same direction gives a lighter 
and darker copy respectively The latter is equivalent to 
the conventional light/dark setting, so thai there is no 
need for any extra button for this purpose on the operat- 
ing panel. 

It has been found that good operation is achieved 
with an adjustability of points A and B in steps of about 
0.01 (OD). 

In practice it has been found that operators particu- 
larly with experience in the graphic industry obtain 
excellent results without difficulty using this method of 
operation. 

If a copy order contains a number of original docu- 
ments, they are placed one by one on the platen 7 by 
the feeder 1 A and a prescan and a main scan are car- 
ried out for each document. Thus a reproduction char- 
acteristic is selected for each document The adjusted 
shift of the points A and B is retained during the entire 
copy order and hence adapted each time to the 
selected characteristic. The adjusted shift can be reset 
by the operator and also returns to 0 when the appara- 
tus is unused for a predetermined time. 

In a second embodiment, the adjustment of the 
reproduction characteristic can also be left completely 
to the operator In that case, the prescan for the charac- 
terising of the original document is omitted and the his- 
togram module 100 and the analysis module 101 are 
omitted. In this case the operator must adjust the OD in 
values A and B absolutely. This embodiment admittedly 
requires considerable experience on the part of the 
operator, but gives a gain in production speed because 
no prescan is required. 

In this embodiment too, the adjusted values A and 
B are retained during the entire copy job. They can be 
reset by the operator and also return to zero when the 
apparatus is out of use for a predetermined time. 

The operation will be described in detail hereinafter. 

The grey value image data converted in the OD cor- 
rection module 102 are then converted in the half-tone 
module 103 to binary data which contain binary values 
of the image dots for controlling the printing unit 3. in 
accordance with a hart-toning technique known per se. 
The dither technique or the error diffusion technique or 



a mixed form thereof may be used for this for example. 
These techniques are fully described in the literature 
and are therefore not explained further, particularly also 
since the half- toning technique used is irrelevant to the 

s present invention. 

The effects of the half-tone processing on the opti- 
cal density finally produced by the printing unit 3 on the 
copy are comprised in the printer characteristic in Fig. 5 
(quadrant IV). Due to a difference in location strategy of 

io black image dots, different half-tone processing tech- 
niques often have different relationships between the 
number of black image dots printed and the optical den- 
sity on the copy. These differences are regarded as a 
system property. Quadrant III in Fig. 5 thus relates to the 

is signals generated by the OD correction module 102. 

The binary image data are now suitable for 
processing by the printing unit 3 of the apparatus. In 
preparation for this they are stored in the storage device 
15, in compressed form rf required. 

20 The operating panel associated with the operating 
unit 19 is shown in Fig. 9 and comprises a display 
screen 60, such as an LCD display, and a number of 
keys, namely a start key 61 , number keys 62, correction 
key 63. selection keys 64A-E. 65A D and the key cluster 

25 66. The operating panel also contains a number display 
70 for displaying the number of prints set as is conven- 
tional on copying machines. All these elements are con- 
nected to the operating unit 19, which in response to 
operation of the keys passes signals to the control unit 

30 18 and which also controls the display screen 60 to 
show options and messages to the operator. 

When the apparatus is switched on. the display 
screen 60 shows an image formed by a number of ver- 
tical columns each above one of the selection keys 64A- 

35 E. Each column relates to a specific basic function of 
the apparatus and indicates the various possible set- 
tings of that basic function. For example, the column on 
the extreme left is allocated to the choice between the 
copying function, in which a document is scanned by the 

40 scanner and then reproduced, and the printer function 
in which a print is made in accordance with digital image 
data fed via the network connection. The setting 
selected at any time, in this case the copying function, is 
indicated by a marker, such as a dark dot, or by high- 

45 lighting. 

By actuating a selection key an operator can 
choose a different setting, e.g. in accordance with a 
cydic pattern. As a result of a change of a setting the 
function of one or more of the other selection keys may 

so change, because the old function is no longer relevant 
and other selection options may be required. Different 
text relating to the new function then appears in the 
associated column of the display screen 60. 

The selection keys 65A-D offer the posstoility of 

55 calling up a different set of functions (group). Generally, 
these are functions which are not required for a simple 
copying or printing order, but which offer the operator 
more possibilities of obtaining special printing results. In 
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this example, these functions comprise shifting the mar- 
gin on the print, adding covers and multiple ip. The 
meaning of the keys 65A-D is indicated in an associated 
field in the display screen 60 directly beneath each key. 
When one of the keys is actuated, the corresponding 5 
set of functions is activated and the lay-out of the dis- 
play screen 60 is adapted to the relevant functions. At 
the same time, this selection is displayed by emphasis- 
ing -in this example by a slight shift -the field on the dis- 
play screen 60 associated with the actuated key of the 10 
group 65A-D. ^sbs^ - 

The columns above the keys 64A (already men- 
tioned) and 65B (simplex or duplex, both with respect to 
the original document and to the copy sheet), 64C (sta- 
pling) and 640 (choice of format and orientation of print- 15 
ing paper) relate to the finishing of the order. 

The column above key.64E is intended for specify- 
ing a reproduction characteristic. This column contains 
two entry fields, one for the value A in the reproduction 
characteristic and one for the value B therein. By means 20 
of a key 64E one or other field and hence the associated 
operation can be activated, and this is shown by the 
dark dot 

As described above with reference to Fig. 4, the . 
value A determines the transition from the whrte-repro- 2s 
ducing part and the grey-reproducing part of the repro- 
duction characteristic. Shifting A to the value 0 provides ■ 
an increase in contrast in the light sections of the copy, 
while conversely shifting AJrom the value 0 results in a • . 
shift of the contrast in the light sections 30 

The value B determines the transition from the 
grey-reproducing part and the black-reproducing part of 
the reproduction characteristic and a shift of B from the 
value 0 therefore results in an increase, and a shift of B 
to 0 results in a reduction, in contrast in the dark sec- as 
tions of the copy. ■ ' t * ' , ^ j - . ' 

In the A and B entry fields a: number indicates the - - 
difference from the value preselected by the ch aracter- 
istic calculation module 104, in steps of 0.01 OD. apos-. 
itive number referring to an increase in contrast and a 40 
negative number to a reduction thereof. 

In the case of the said exemplified embodiment in 
which the value of A and B is adjusted absolutely, this 
absolute value is shown directly in OD units. This is not 
shown in a drawing. 

In the active field, the top one in the example of Fig. 
9. the adjustment can be changed by means of the keys 
of the cluster 66. This is shown to the operator by an 
emphasised star symbol. 

The setting selected is passed to the processing so 
module 17, more specifically the characteristic calcula- 
tion module 104, which in response thereto calculates 
an imaging characteristic for quadrant III in Fig. 5 so 
adapted that the final reproduction characteristic of the 
entire system receives the form set by the operator. The 55 
procedure tor this is descrbed in the foregoing. - 

The invention descrfoed above can also be used for 
colour copiers. These systems usually have three col- 



our channels, viz. red, green and blue (R-G-B), for the 
scanning, image processing and printing. However, in 
many cases it would be preferable to offer to the opera- 
tor a single parameter for optimizing the reproduction of 
'difficult" originals. Especially for making a lighter or 
darker copy, the colours should not be changed, and 
changing the reproduction characteristics of the individ- 
ual colour channels separately would almost always 
result in a change of the colour on the copy. 

However, there are other colour coordinate sys- 
tems, e.g. L-a-b and L-C-H. in which a perceptual 
parameter (L) for the luminance is defined, which more 
closely corresponds to the light-dark impression of an 
image. In these systems, the luminance can be 
changed independently of the colour tone. 

The invention makes use of this effect in such a 
way, that in stead of the optical density (OD) in black- 
and-white copying, now the luminance contained in the 
digital image data is presented for changing by the oper- 
ator As the luminance is, just like the OD, a perceptual 
parameter, it is a more-or-less logarithmic one, and the 
reproduction characteristic has a linear form. Therefore, 
the theory discussed in the black-and-white case above, 
applies to the luminance in colour copying with no sub- 
stantial differences. 

In a first form, which is most straightforward, the R- 
G-B scanner data are first transformed to the L-a-b 
domain, converted there using the reproduction charac- 
teristic, and then converted back to the R-G-B domain 
for controlling the printer. In this operation, only the 
light/dark balance is changed, while the colour tone 
remains unaffected. A slight drawback of this implemen- 
tation is, that the conversions between the different col- 
our coordinate systems, although generaDy known (and 
therefore not described here), are quite complex, and 
can only be done when a sufficiently powerful computer 
is available for the conversions;' 

1 in a second form, tfte changes selected by the 
operator on the characteristic in the L-C-H domain are 
translated into a direct operation on the R-G-B scanner 
data (i.e.; an operation within the R-G-B domain). This 
translation is not exact (otherwise it would be as com- 
plex as the operation in the first form described herein- 
above), but normally it gives quite acceptable results. 
According to this implementation, the slope of the sec- 
ond, intermediate part of the input-output characteristic 
of the three colour channels is changed with the same 
factor F. This corresponds to a change by a factor f. of 
the slope of the characteristic in the L domain, such that 
f 3 e F . Thus, a shift of the shoulder point for light sec- 
tions, as selected by the operator, is translated into a 
change F of the slope of L characteristic, which in turn 
is translated into a change f of the characteristics of the 
colour channels. The change of the slope of the colour 
channel characteristics has the effect that also C 
(chroma) is changed by a multipfication with same factor 
f. However, the parameter H (hue), which most promi- 
nently determines the colour impression, is not affected. 
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The operation described above for the second form 
of the contrast manipulation in colour copying, affects 
the position of the shoulder point for the light sections of 
the original document In this embodiment the shift of 
the other shoulder point the one for the dark sections, s 
is also defined as an equal shift of the values of the R. 
G and B scanner signals. However, this shift of the latter 
shoulder point does not leave the colour entirely unaf- 
fected, and therefore should be used prudently, balanc- 
ing the effect on the hue (H) and that on the contrast A w 
change of the hue in dark sections is less noticeable, 
though, and may therefore still be preferred over more 
complex methods. 

The implementation details described for the black- 
and-white version of the invention are also applicable for is 
the colour version. These include at least the automatic 
characterisation of the original document by means of a 
pre- scan or otherwise, and either using the results 
thereof as a starting point for adjustment, by the opera- 
tor, of the reproduction characteristic or defining a 20 
reproduction characteristic by the operator without 
using the automatic characterisation results. Also, the 
presentation, on the operating panel, of the adjustment 
mechanism can without problem be used for colour cop- 
ying, as it refers to the luminance wich is also a meas- 25 
ure for "dark" and "light". 

Once a reproduction characteristic has been 
selected, it can be programmed into a look-up table 
(LUT) for processing the scanner data therewith. Using 
a LUT for data processing is a commonly used method 30 
in colour copying and therefore is not explained in detail 
here. 

The invention has been described above with refer- 
ence to one exemplified embodiment It wilt be clear to 
the skilled man that other embodiments are possible 35 
within the scope of the following claims. For example, in 
addition to the two embodiments descrfoed in which the 
adjustment of the reproduction characteristic is made as 
a change to an automatically preselected characteristic 
or as an absolute input respectively, another embodi- 40 
ment is possible in which an operator can optionally use 
one of the two methods of adjustment. It is also feasible 
for a reproduction characteristic set in the first embodi- 
ment (specified as a change) to be made "absolute" by 
the operator using the operating means and thus 45 
remain valid for aQ subsequent original documents of a 
set even if the characteristic calculation module tends 
to select a different setting for one or more of the origi- 
nal documents. 

so 

Claims 

1. A method of making a copy of an original document 
in accordance with an adjustable reproduction 
characteristic, ss 

wherein a reproduction characteristic 
describes the mapping of optical densities of an 
original document hereinafter referred to as: ODin, 



on optical densities of a copy thereof, hereinafter 
referred to as: ODout 

which method comprises: 

determining a reproduction characteristic on 
the basis of specification by an operator, 
generating first digital image data correspond- 
ing to an image on an original document 
converting the said first digital image data into 
second digital image data in accordance with 
the reproduction characteristic as determined, 
and 

making a print on an image support on the 
basis of the said second digital image data, 
characterised in that 

the step of determining a reproduction charac- 
teristic comprises: 

defining a reproduction characteristic which 
comprises a first part which maps on white, a 
second part, which maps on density values 
between white and black, and a third part, 
which maps on black, which parts merge into 
one another in a first and second shoulder 
point respectively (A. B). 
wherein an ODin value for at least one shoulder 
point is selected on the basis of specification by 
an operator. 

2. A method according to claim 1 , 

wherein the step of processing the first dig- 
ital image data and the generation of second digital 
image data in so doing is performed using a prede- 
termined transfer function, which has a form such 
that ODin values are mapped on ODout values in 
accordance with the reproduction characteristic as 
determined, 

wherein the method also comprises calculat- 
ing a transfer function in accordance with the repro- 
duction characteristic specified by an operator. 

3. A method according to claim 2, 

wherein the step of calculating a transfer 
function is performed by combining a characteristic 
of the said generation process for first digital image 
data, a characteristic of the said printing process on 
the basis of the second digital image data and the 
said reproduction characteristic. 

4. A method according to claim 1 or 2, 

wherein the step of determining a reproduc- 
tion characteristic on the basis of specification by 
an operator comprises: determining a default repro- 
duction characteristic on the basis of an automatic 
analysts of me first digital image data and 

determining a final reproduction characteristic 
on the basis of a change of the ODin value of at 
least one of the shoulder points as specified by 



35 



40 



45 



8 



15 



EP 0 889 643 A1 



16 



the operator. 

5. A method according to daim 1, 2 or 4, 

wherein the said second part of the defined 
reproduction characteristic is mainly linear. 

6. A method according to any one of the preceding 
daims, 

wherein the ODin value for a shoulder point 
is adjustable in equal steps. 

7. A method according to daim 6, 

wherein the ODin value for a shoulder point 
is adjustable in steps of 0.01 OD. 

8. A method of making a copy of an original document 
in accordance with an adjustable reproduction 
characteristic, 

wherein a reproduction . characteristic 
describes the mapping of pixel values of an original 
document on pixel values of a copy thereof, 

which method comprises: 

determining a reproduction characteristic on 
the basis of specification by an operator, 
generating first digital image data correspond- 
ing to an image on an original document, 
converting the said first digital image data into 
second digital image data in accordance with 
the reproduction characteristic as determined, 
and 

making a. print on an image support on the 
basis of the said second digital image data, 
characterised in that 

said first and second digital image data include 
colour data, 

and in that the step of determining a reproduc- 
tion characteristic comprises: 
defining a reproduction characteristic in a col- 
our coordinate system having luminance as a 
parameter, said reproduction characteristic 
relating to an input luminance defined by pixel 
values of the original document and to an out- 
put luminance defined by pixel values of the 
copy, 

which reproduction characteristic comprises a 
first part which maps on an output luminance 
value substantially corresponding to white, a 
second part, which maps on output luminance 
values between white and black, and a third 
part, which maps on an output luminance value 
substantially corresponding to black, which 
parts merge into one another in a first and sec- 
ond shoulder point, 

wherein an input luminance value for at least 
one shoulder point is selected on the basis of 
specification by an operator. 



9. A method according to claim 8. 

wherein said first digital data and said and 
said second digital data are defined in the R-G-B 
colour coordinate system, 
5 wherein the step of converting the said first 

digital image data into second digital image data in 
accordance with the reproduction characteristic as 
determined indudes: 

10 a) converting the pixel values of said first digital 

data into pixel values in the L-C-H colour coor- 
dinate system. 

b) converting said L-C-H pixel values in accord- 
ance with said reproduction characteristic into 

is second L-C-H pixel values, and 

c) converting said second L-C-H pixel values 
into said second digital data, defined in the R- 
G-B colour coordinate system. 

20 10. A method according to claim 8, 

wherein said first digital data and said and 
said second digital data are defined in the R-G-B 
colour coordinate system, 

wherein the step of converting the said first 
25 digital image data into second digital image data in 
accordance with the reproduction characteristic as 
determined indudes: 

defining, on the basis of said reproduction 
30 characteristic, a processing operation for 

processing said first digital data in the R-G-B 

colour coordinate system, and 

converting the said first digital image data into 

second digital image data in the R-G-B colour 
35 - coordinate system. 

11. A method according to daim 8, 

wherein the step of determining a reproduc- 
tion characteristic on the basis of specification by 
40 an operator comprises: determining a default repro- 
duction characteristic on the basis of an automatic 
analysis of the first digital image data and 

determining a final reproduction characteristic 
45 on the basis of a change of the input luminance 

value of at least one of the shoulder points as 
specified by the operator. 

12. A method according to daim 8, 

so wherein the said second part of the defined 

reproduction characteristic is mainly linear. 

13. A digital copying apparatus with an adjustable 
reproduction characteristic, wherein the reproduc- 

55 - bon characteristic descrfoes a mapping of optical 
densities of an original document, hereinafter 
referred to as: ODin, on optical densities of a copy 
of the said original document made by the appara- 
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tus, hereinafter referred to as ODout 
comprising 

an operating unit with means for setting a 

required reproduction characteristic 

a generator for generating first digital image 

data corresponding to an image on an original 

document. 

a printing unit for making a print on an image 
support on the basis of second digital image 
data, 

a processing unit for converting said first digital 
image data into the said second digital image 
data in accordance with a reproduction charac- 
teristic set via the operating unit 
characterised in that 

the processing unit converts the said first digital 
image data into the said second digital image 
data in accordance with a reproduction charac- 
teristic which comprises a first part, which 
maps on white, a second part which maps on 
density values between white and black, and a 
third part, which maps on black, which parts 
merge into one another in a first and second 
shoulder point (A. B) respectively, 
and in that the means for setting a required 
reproduction characteristic comprise means for 
setting an ODin value for a said shoulder point 

14. Apparatus according to claim 13. 

wherein the processing unit converts said 
first digital image data into said second digital 
image data in accordance with a predetermined 
transfer function, and 

wherein the processing unit is equipped with 
means tor calculating a transfer function required to 
realise a set reproduction characteristic. 

1 5. Apparatus according to claim 14. 

wherein the means for calculating a transfer 
function do so by combining a characteristic of the 
said generator for f irst digital image data, a charac- 
teristic of the said printing unit for making a print on 
the basis of the second digital image data and the 
said reproduction characteristic. 

16. Apparatus according to claim 14, 

wherein the processing unit is provided with 
a look-up table, in which the calculated transfer 
function is programmed. 

17. Apparatus according to claim 13, also comprising 
an analysis unit for analysing cSgital image data 
generated by the generator and preselecting of a 
reproduction characteristic on the basis of that 
analysis, 

wherein the means for setting a required 
reproduction characteristic comprise means for set- 



ting for a said shoulder point a change of the ODin 
value preselected by the analysis unit 

18. Apparatus according to daim 13, 

5 wherein the said second part of the defined 

reproduction characteristic is mainly linear. 

19. Apparatus according to claim 13, 

wherein the means for setting or changing 
70 an ODin value for a said shoulder point are adapted 
to select an ODin value in equal steps. 

20. Apparatus according to claim 19, 

wherein the said steps have a value of 0.01 

i5 OD. 

21. A digital copying apparatus with an adjustable 
reproduction characteristic, wherein the reproduc- 
tion characteristic defines a mapping of input pixel 

20 values relating to an original document, on output 
pixel values relating to a copy of the said original 
document made by the apparatus, 
comprising 

25 an operating unit with means for setting a 

required reproduction characteristic, 
a generator for generating first digital image 
data corresponding to an image on an original 
document 

30 a printing unit for making a print on an image 

support on the basis of second digital image 
data, 

a processing unit for converting said first digital 
image data into the said second digital image 
35 data in accordance with a reproduction charac- 

teristic set via the operating unit 
characterised in that 

said first and second digital image data include 
colour data, 

40 and in that the processing unit converts the 

said first digital image data into the said second 
digital image data in accordance with a repro- 
duction characteristic which is defined in a col- 
our coordinate system having luminance as a 

45 parameter and which defines a mapping of 

input luminance values corresponding to input 
pixel values on output luminance values corre- 
sponding to output pixel values, 
said reproduction characteristic comprising a 

so first part which maps on an output luminance 

value substantially corresponding to white, a 
second part which maps on on an output lumi- 
nance value between white and black, and a 
third part which maps on on an output lurri- 

55 nance value substantially corresponding to 

black, which parts merge into one another in a 
first and second shoulder point respectively, 
and in that the means for setting a required 
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reproduction characteristic comprise means for 
setting an input luminance value tor a said 
shoulder point. 

22. Apparatus according to claim 21, 

wherein said first digital data and said and 
said second cfigrtal data are defined in the R-G-B 
colour coordinate system, 

wherein the processing unit is provided with 
means for: 

a) converting the pixel values of said first digital 
data into pixel values in the L-C-H colour coor- 
dinate system, 

b) converting said L-C-H pixel values in accord- 
ance with said reproduction characteristic into 
second L-C-H pixel values, and 

c) converting said second L-C-H pixel values 
into said second digital data, defined in the R- 
G-B colour coordinate system 

23. Apparatus according to claim 22, 

wherein the processing unit converts said 
first digital image data into said second digital 
image data in accordance with a predetermined 
transfer function, and 

wherein the processtnig unit is equipped with 
means for calculating a transfer function required to 
realise a set reproduction characteristic. 

24. Apparatus according to claim 21. 

wherein said first digital data and said and 
said second digital data are defined in the R-G-B 
colour coordinate system, 

wherein the processing unit is provided with 

means for defining, on the basts of said repro- 
duction characteristic, a transfer function for 
processing said first digital data in the R-G-B 
colour coordinate system, and 
means for converting, within the R-G-B colour 
coordinate system, the said first digital image 
data into second digital image data, using said 
transfer function. 

25. Apparatus according to claim 23 or 24, 

wherein the processing unit is provided with 
a look-up table, in which the calculated transfer 
function is programmed. 

26. Apparatus according to. claim 21. also comprising 
an analysis unit for. analysing olgital image data 
generated by the generator and preselecting of a 
reproduction characteristic on the basis of that 
analysis, 

wherein the means for setting a required 
reproduction characteristic comprise means for set- 
ting for a said shoulder point a change of the input 



luminance value preselected by the analysis unit 
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